p21 WAF1/Cip1 is one of the best characterized downstream targets of p53, and the growth suppressing function of this cyclin-dependent kinase inhibitor is well established. However, whether p21 exerts a tumor-suppressing function of its own remains to be established. We report here that, similarly to loss of p53, disruption of the p21 WAF1/Cip1 gene results in a markedly increased susceptibility to chemically induced skin carcinoma formation, whereas the number of papillomas is reduced. Previous evidence indicates that malignant versus benign keratinocyte tumor formation is likely to involve distinct target-cell populations with a different commitment to differentiation. In parallel with the increased susceptibility to carcinoma formation, loss of p21 WAF1/Cip1 was found to promote keratinocyte subpopulations with increased growth/differentiation potential, including clonal growth capability, reversible commitment to differentiation, and capability to generate all types of terminally differentiated keratinocytes present in vivo, not only in the interfollicular epidermis but also in hair follicles. Thus, these findings have revealed a function of p21 as a suppressor of malignant but not benign skin-tumor formation and a determinant of the growth/differentiation potential of keratinocyte subpopulations.
Like other self-renewing tissues, the epidermis contains a compartment of cells that are capable of continuous selfregeneration and can replenish the populations of keratinocytes that are lost with differentiation. At least two kinds of proliferating keratinocyte populations are thought to exist: uncommitted ''stem cells,'' with an indefinite proliferation potential and capability to generate all other types of growing and differentiating keratinocytes, and ''transit amplifying cells,'' capable of a limited number of cell divisions and already committed toward differentiation (1) . The existence of keratinocyte populations with different growth/differentiation potential has been well demonstrated in culture, and has been related, in vivo, to the presence of specific slow-cycling populations that reside at privileged sites of the epidermis and hair follicles and that may function as reservoir to generate all other keratinocytes (2) (3) (4) (5) (6) (7) (8) (9) .
These putative stem cells can be recruited into cycle under conditions of accelerated epidermal proliferation, such as during wound healing or in response to inflammatory or tumor-promoting stimuli (2) . Slow-cycling stem-cell populations are also the likely target cells for chemically induced skin tumors (refs. 10 and 11, and refs. therein). In a conventional initiation-promotion protocol, most of the benign tumors or papillomas grow to a large size but do not progress to carcinomas, whereas the carcinomas arise from a distinct subset of papillomas with a high risk of malignant conversion (12, 13) . Experimental evidence indicates that malignant versus benign keratinocyte tumor formation is likely to involve distinct target-cell populations with a different commitment to differentiation (14) . This situation is similar to human pathology, where in many cases malignant epithelial tumors develop independently from their benign counterparts, whereas the latter rarely convert into malignancy (15) .
Although the existence of epidermal stem cells has been well demonstrated, there are no unique biochemical markers for these cells, nor is it known what controls their growth/ differentiation potential. The cyclin-dependent kinase inhibitor p21 WAF1/Cip1 has been shown to play an important role in control of keratinocyte growth and differentiation. Like in other cell types, p21 expression is increased at the onset of keratinocyte differentiation, and this increase may contribute to the differentiation-associated growth arrest (16) , even if it is by itself not essential (17) . On the other hand, in the skin as in a number of other tissues, expression of p21 is induced in postmitotic cells immediately adjacent to the proliferative compartment but is decreased in cells further along the differentiation pathway (18, 19) . A similar down-modulation of p21 expression occurs in cultured keratinocytes at late stages of differentiation, and direct overexpression of p21 in these cells inhibits differentiation in a manner that is not simply amenable to cell-cycle arrest (20) . Thus, p21 may be part of both a positive mechanism triggering differentiationassociated growth arrest and a negative regulatory loop, which needs to be inactivated for differentiation to proceed. In the present communication, we show that p21 has additional regulatory functions in the skin as a suppressor of malignant, but not benign, tumor formation and as a determinant of the growth/differentiation potential of keratinocyte stem cell populations.
MATERIALS AND METHODS
Cells, Growth, and Attachment Assays. Primary keratinocytes were derived either from wild-type and knockout newborn littermates generated by heterozygous p21ϩ/Ϫ parents or from wild-type Sencar mice and mice carrying a homozygous disruption of the p21 gene and back-crossed up to the sixth or seventh generation into a Sencar background. Conditions for primary keratinocyte cultivation and induction of differentiation by Ca 2ϩ are as described (16) .
Clonal growth assays were performed by trypsinizing freshly confluent primary keratinocyte cultures (2-3 days after plating), counting, and plating decreasing amounts of cells (10 6 , 10 5 , and 10 4 ) in triplicate onto 60-mm dishes. Cells were cultured up to 12-14 days, with medium changes every other day, fixed with 100% ethanol at Ϫ20°C, and stained with 0.1% crystal violet.
Attachment assays were performed essentially as described by Rousselle and Aumalley (21) . Briefly, 96-well Petri plates (Costar) were coated (100 l per well) with serial dilutions (0-10 g/ml) of collagen type IV, laminin, or fibronectin (Becton -Dickinson;) by overnight adsorption at 4°C. Plates were washed with PBS and incubated with 0.1% BSA for 30 min at room temperature to block nonspecific binding. Freshly confluent primary keratinocyte cultures (2-3 days after plating) were trypsinized, washed in medium containing 4% serum, and resuspended in serum-free medium. Cells were then plated onto the coated wells (1 ϫ 10 5 cells per well) in triplicate and incubated for 90 min at 34°C. Wells were rinsed once with serum-free medium and once with 70% ethanol. Attached cells were fixed with 100% ethanol for 10 min at Ϫ20°C, stained with 0.1% crystal violet, and quantified by light absorbance by using an ELISA reader at 595 nm.
BrdUrd-labeling assays were performed by incubating cells with BrdUrd (1:300 dilution; cell proliferation reagent; Amersham Pharmacia) for the last 6 h before fixation in 2% paraformaldehyde in PBS. After cell permeabilization with 0.1% Nonidet P-40 and denaturation in 50 mM NaOH, BrdUrd-labeled DNA was detected by incubation with antiBrdUrd mouse mAbs (1:4; Becton-Dickinson) and anti-mouse rhodamine-conjugated secondary antibodies (1:100; Vector Laboratories). Nuclei were stained with a 1 g/ml solution of Hoechst dye 33258, and the fraction of BrdUrd-positive cells was determined by double-fluorescence microscopy.
Tumor-Induction Experiments. p21 knockout mice (on an NIH Swiss background) were crossed with Sencar mice. The F 1 p21ϩ/Ϫ heterozygous were interbred, and the resulting littermates were divided into p21Ϫ/Ϫ, p21ϩ/Ϫ, and p21ϩ/ϩ groups. Sixteen to twenty mice of each group, in the resting phase of the hair cycle (7-8 weeks old), were shaved and treated with 7,12-dimethylbenz[a]anthracene (DMBA) (20 g in 200 ml acetone) 48 hrs after shaving. Mice were subsequently treated twice a week with 12-O-tetradecanoylphorbol 13-acetate (PMA) (10 Ϫ4 M in acetone) for 2 months. DMBA was dissolved in acetone just before use. PMA solution was stored at Ϫ70°C. Mice were sacrificed at the end of the experiment (32 weeks) or at earlier times in cases of excessive tumor load or other adverse signs. Papilloma-versuscarcinoma formation was assessed throughout the duration of the experiments, by macroscopic examination and palpation of the tumor base, to determine the onset of an invasive pattern of growth as well as infiltration of the surrounding tissues. Macroscopic analysis was confirmed by histological examination of all presumptive carcinomas and most aggressivelooking papillomas when the animals were sacrificed.
Skin/Hair Reconstitution Assay. Skin/hair reconstitution assays were performed essentially as described by Lichti et al. (22) as modified by Kamimura et al. (23) and Prouty et al. (24) . Primary keratinocytes from p21 ϩ/ϩ and p21 Ϫ/Ϫ mice were infected with an alkaline phosphatase-transducing retrovirus 2 days after plating. Three days later, cells were trypsinized and mixed (1 ϫ 10 7 per graft) with fresh dermal cells (8 ϫ 10 6 per graft), which were prepared from the skin of newborn CD1 mice as described by Prouty et al. (24) . Dense suspensions were injected into silicon transplantation chambers implanted onto the dorsal surface of nude mice. The transplantation chambers were removed 1 week after grafting, and mice were sacrificed 6 weeks later. Grafts were fixed in 4% paraformaldehyde at 4°C for 8 h, rinsed in PBS, and placed in 30% sucrose in PBS containing 2 mM MgCl 2 overnight at 4°C. Samples were then embedded in OCT compound. Frozen sections were fixed in 4% paraformaldehyde for 10 min, rinsed twice in PBS at 4°C, and heated at 68°C for 30 min to destroy endogenous alkaline phosphatase (AP) activity. AP colorimetric reactions were performed as described by Cepko et al. (25) . Essentially, sections were rinsed in X-P detection buffer (100 mM Tris⅐HCl, pH 9.5/100 mM NaCl/50 mM MgCl 2 ) for 10 min and incubated in X-P reaction mix (0.1 mg of 5-bromo-4-chloro-3-indolyl phosphate per ml, 1 mg of nitroblue tetrazolium per ml in detection buffer) for 12 h in the dark. Sections were rinsed in PBS containing 20 mM EDTA three times for 10 min. Slides were then prepared for microscopic examination.
RESULTS
Loss of p21 Function Results in Increased Rate, Number, and Multiplicity of Carcinoma Formation. Initial studies of keratinocytes with a disruption of the p21 gene revealed that these cells have an intrinsic reduction of differentiation marker expression and produce rapidly growing tumors when transformed with a ras oncogene and injected subcutaneously into nude mice (17) . Thus, although the skin of p21-deficient mice is apparently normal, loss of p21 function may still have important consequences for skin carcinogenesis and favor benign and/or malignant tumor development. To test these possibilities, p21 knockout mice and their wild-type and heterozygous littermates were subjected to a conventional chemical carcinogenesis protocol with a single dose of DMBA for initiation and biweekly treatments with PMA for promotion. All three groups of mice developed papillomas with a similar latency period (6-8 weeks) , and the number of mice with papillomas was approximately the same. Interestingly, the number of papillomas per mouse was significantly lower in the p21 knockouts than in the wild-type mice, with intermediate values being found with the p21ϩ/Ϫ heterozygous (Fig. 1A) .
Unlike papillomas, carcinomas arose with a shorter latency period in the p21 knockouts than in the wild-type or heterozygous mice (21 vs. 29 weeks), and the number of mice with carcinomas was 5-to 6-fold higher in the p21Ϫ/Ϫ animals ( Fig.  1 A) . Significantly, a substantial fraction of p21 knockouts developed several independent carcinomas per mouse, whereas such multiplicity of malignant tumor formation was very rare with the p21ϩ/ϩ or p21ϩ/Ϫ mice (Fig. 1C) . Papilloma and carcinoma values within each individual group and differences among the three groups were evaluated by using ANOVA and Tukey-HSD tests (26) . The higher carcinoma formation and the lower number of papillomas in the p21Ϫ/Ϫ versus p21ϩ/ϩ and p21ϩ/Ϫ groups were both highly significant (P ϭ 0.005 and 0.0024, respectively). Similar conclusions were obtained by using a more stringent nonparametric test (Kruskal-Wallis test; ref. 26) . The same differences in latency, number, and multiplicity of carcinoma formation were found in a second independent experiment between p21Ϫ/Ϫ and p21ϩ/ϩ mice, whereas an intermediate number of tumors was produced by the p21ϩ/Ϫ heterozygous ( Fig. 1 B and C) . A selected number of papillomas from the three groups of mice, and all carcinomas, were analyzed histologically. This analysis indicated that the degree of squamous-cell differentiation in the various tumors was not significantly different among the three groups of mice. Terminal deoxynucleotidyltransferasemediated UTP end labeling (TUNEL) assays on tumors derived from the three groups of mice were also performed, and numbers of TUNEL-positive cells were found to vary among individual tumors, irrespective of genotype.
Thus, loss of p21 results in a markedly enhanced susceptibility to chemically induced skin carcinogenesis. Under our protocol conditions, p21 knockout mice exhibited a much higher number of carcinomas than the controls, whereas the number of papillomas was reduced. Increased carcinoma formation was not accompanied by a more undifferentiated phenotype, as was reported for p53-deficient mice (27) .
Loss of p21 Function Results in Keratinocyte Populations with Increased Proliferation Potential. Previous evidence indicates that malignant versus benign keratinocyte tumor formation is likely to involve distinct target-cell populations with a different commitment to differentiation (14) . The size of keratinocyte populations with high growth/differentiation potential may increase as a consequence of p21 deficiency, thereby explaining the enhanced susceptibility to skin carcinoma formation. In the human keratinocyte system, one important characteristic of stem-cell populations is that of unlimited growth potential with production of rapidly expanding colonies (4, 5, 7, 8) . Unlike human keratinocytes, mouse primary keratinocytes cultured under standard conditions do not contain cells capable of clonal expansion. We tested whether the loss of p21 may result in populations with clonogenic potential. As reported (17) , the vast majority of p21Ϫ/Ϫ keratinocytes plated at low concentrations (10 5 cells per 60-mm dish) failed to survive and grow. However, unlike in the p21ϩ/ϩ controls, in the p21Ϫ/Ϫ cultures, a significant number of cells produced dense and actively proliferating colonies after 1-2 weeks of incubation (Fig. 2 ). An average of 100 dense colonies was found after plating 10 5 cells onto a dish, indicating that the fraction of clonogenic keratinocytes in the p21Ϫ/Ϫ cultures amounted to Ϸ0.1% of the total cells. No such colonies were found in parallel cultures with wild-type keratinocytes.
Recent studies with murine keratinocytes have shown that specific stem-cell populations, identified as label-retaining cells at 1 month after BrdUrd in vivo labeling, are characterized by a high growth potential. These label-retaining populations can be selected by rapid attachment to the substrate, regardless of specific integrin function (9) . Although all keratinocytes attach after 24 h of incubation, when cells are left to attach for 10 min, only Ϸ10% of total basal cells but 100% of label-retaining populations adhere to the substrate. We tested whether a similar assay could be used to further differentiate between p21Ϫ/Ϫ and p21ϩ/ϩ keratinocytes. When primary cells from mice of either genotype were plated onto specific substrates, the two types of cells did not differ significantly in their attachment properties, except that at higher laminin concentrations, p21 knockout cells attached less efficiently than the controls (Fig. 3A) . Rather than the bulk population, increased cell adhesion may be limited to the subpopulations of p21 knockout keratinocytes with an enhanced growth potential and high attachment properties (corresponding to the stem cell/label-retaining populations; ref. 9). To test this possibility, freshly prepared keratinocytes from p21Ϫ/Ϫ and p21ϩ/ϩ mice were plated in large numbers (10 6 per dish) and allowed to attach to the dish for either 5 min or 24 h. In all cases, unattached cells were removed, and cultures were further incubated for 2 weeks. Wild-type keratinocytes that attached for 24 h were able to grow and populate the dish, whereas no growth was detectable on dishes where cells were left to attach for only 5 min. In contrast, the p21 knockout keratinocytes showed similar active growth irrespective of the amount of time they were given to attach (Fig. 3B) . Thus, p21-deficient keratinocytes contain an increased number of cells with high growth potential, as revealed by cultivation under sparse conditions and/or selection for high rate of attachment.
p21 Plays an Essential Function in the Irreversible Commitment to Differentiation. Besides populations with an increased growth potential, the lack of p21 may result in cells with a lesser commitment to differentiation. This possibility was initially tested with keratinocytes under well defined in vitro conditions. Increased extracellular calcium functions as a potent inducer of keratinocyte differentiation and induces growth arrest in Ͼ95% of cells by 24 h of treatment (28) . However, the irreversible commitment to differentiation takes a longer period of time in that, after 1 day of calcium exposure, Ͼ50% of cells resume proliferation if they are switched back to medium having low calcium concentrations (unpublished observations). p21 function is not essential for differentiationassociated growth arrest (17) but may be required for the irreversible commitment to differentiation. To test this possibility, p21ϩ/ϩ and p21Ϫ/Ϫ keratinocytes were cultured in medium at high calcium concentrations for an increasing number of days. The number of DNA-synthesizing cells was then determined by BrdUrd labeling of cultures that were either maintained in high-calcium conditions or were switched to low-calcium medium for additional 48 h (Fig. 4) . As previously reported, there was a similar block of DNA synthesis in the calcium-treated p21ϩ/ϩ and p21Ϫ/Ϫ cultures. Very few of the wild-type cells cultured in high-calcium medium for either 3 or 6 days resumed proliferation when switched back to low-calcium conditions. By contrast, a subfraction of p21Ϫ/Ϫ keratinocytes was capable of resuming DNA synthesis under these conditions. Thus, loss of p21 function is not essential for differentiation-associated growth arrest but results in cell populations with a lesser commitment toward differentiation.
Loss of p21 Function Increases the Number of Pluripotent Keratinocyte Populations with Unrestricted Differentiation
Potential. In vivo, keratinocytes undergo a much more complex differentiation program than under in vitro conditions. In fact, whereas the interfollicular epidermis contains a single type of terminally differentiated keratinocyte, hair follicles are composed of a minimum of six or seven types of differentiated keratinocytes organized in three concentric regions (shaft and inner and outer root sheaths) (29) . By use of a skin/hairreconstitution assay onto nude mice, we previously showed that primary keratinocyte cultures contain progenitor cells able to reconstitute on their own columnar units of the interfollicular epidermis as well as one or the other of the three concentric regions of the hair follicle (23) . Pluripotent progenitor cells capable of reconstituting on their own entire hair follicles were Ͻ1% in these assays.
To test whether loss of p21 results in an increased number of pluripotent keratinocyte progenitor cells, skin/hairreconstitution assays were performed with p21 knockout keratinocytes versus wild-type controls. As in our previous studies (23) , primary keratinocytes were infected with a retrovirus carrying a human AP gene 2 days after plating (25) under conditions where only Ϸ10% of cells expressed this marker. Four days after infection, cells were trypsinized, admixed with a hair-inducing dermal-cell preparation, and grafted onto nude mice. (A) Primary keratinocytes were plated onto 96-well dishes coated with increasing amounts (0-10 g/ml) of collagen IV, laminin, and fibronectin. After 90 min, adherent cells were fixed and stained with 0.1% crystal violet. Staining intensity was determined with an ELISA reader at 570 nm. Each point represents the average of triplicate wells, and similar results were obtained in a second independent experiment. (B) Primary keratinocytes from p21Ϫ/Ϫ and p21ϩ/ϩ mice were plated on triplicate dishes in relatively large numbers (10 6 per 60-mm dish) and allowed to attach for either 24 h or 5 min. After 2 weeks of cultivation, dishes were fixed and stained with 0.1% crystal violet. Similar results were obtained in a second independent experiment.
FIG. 4.
Reversible versus irreversible commitment to differentiation of primary keratinocytes in culture. BrdUrd labeling index of p21Ϫ/Ϫ versus p21ϩ/ϩ keratinocytes under growing conditions in low-calcium medium, after induction of differentiation by calcium (2 mM) for the indicated number of days (d) and after induction of differentiation by calcium and subsequent incubation in low-calcium medium for an additional 2 days. The percentage of BrdUrd-positive nuclei was determined as described in Materials and Methods. In each case, four independent fields were counted (a minimum of 100 cells per field), and the SD among values from the various fields was calculated. Similar results were obtained in two independent experiments.
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Cell Biology: Topley et al. Proc. Natl. Acad. Sci. USA 96 (1999) weeks of grafting, and mice were sacrificed at 6 weeks, at a time when reconstituted hair follicles have undergone at least two full hair cycles and have entered a third (22) . Grafts were analyzed histologically and after staining for AP production. As previously reported (23), the great majority of reconstituted hair follicles that contained AP-expressing cells were homogeneously AP-positive in either their external, central, or internal regions. However, in the grafts of p21Ϫ/Ϫ keratinocytes, Ϸ20% of the AP-positive follicles that were observed in cross section were uniformly composed of AP-positive cells, whereas Ͻ1% of these follicles were found in the controls (Fig.  5) . Thus, loss of p21 results in populations of cells with an increased differentiation potential and that are capable of reconstituting on their own not only distinct tract of the epidermis but also entire hair follicles.
is one of the best characterized downstream targets of p53, and the growth-suppressing function of this cyclin-dependent kinase inhibitor is well established. However, it is still not known to what extent the tumor-suppressing function of p53 is mediated by p21, nor is it clear whether p21 can exert a tumor-suppressing function of its own. Against this possibility stand the facts that the p21 gene is very rarely mutated in human tumors, and mice with a homozygous disruption of the p21 gene develop no spontaneous tumors (30) . However, even in p53-deficient mice, spontaneous tumor formation occurs only in selected tissues (31) . Thus, in other tissues and/or specific cell types, p53 and/or p21 may still exert a significant tumor-suppressing function, which is unmasked under conditions of altered tissue homeostasis. Our findings show that, in chemically induced skin carcinogenesis, p21 does indeed play a significant tumor-suppressing function and that this function overlaps to a partial extent with that of p53.
The carcinomas arising in the p53-deficient mice were found to be significantly anaplastic (27) , and their origin was related, among other causes, to increased genomic instability (32, 33) . By contrast, carcinomas of p21Ϫ/Ϫ mice exhibited a relatively high degree of squamous-cell differentiation, consistent with the more restricted function of the p21 gene (34) . Besides the higher number and shorter latency, p21-deficient mice showed a multiplicity of carcinoma formation per mouse, which was rarely seen with the controls. This suggested that the number of target cells for carcinoma formation is increased in the p21-deficient animals. Considerable evidence points to keratinocyte stem cells as the cells of origin for chemically induced mouse skin tumors (11) , and the stem-cell concept has been previously proposed as a general basis for tumorigenesis (35, 36) . Relative to wild-type mouse keratinocytes, keratinocytes derived from p21Ϫ/Ϫ mice contain a significantly increased number of cells with clonogenic potential and high rates of attachment, two interrelated properties which have been directly connected with label-retaining stem-cell populations (9) . Besides increased growth potential, p21-deficient keratinocytes contain subpopulations with a lesser commitment to differentiation and the capability to generate all types of terminally differentiated keratinocytes that are present in vivo, not only in the interfollicular epidermis but also in the hair follicles. This situation may be analogous to that reported for the p21 homologue in Drosophila, where the presence or absence of the p21 homologue determines the number of cell divisions that progenitor cells undergo before becoming committed to a more restricted differentiation lineage (37, 38) .
In contrast to increased susceptibility to carcinoma formation, loss of the p53 gene results in a significantly reduced number of papillomas (27, 39) . Direct experimental evidence indicates that, in a conventional initiation-promotion protocol, most papillomas grow to a large size but do not progress to carcinomas, whereas the carcinomas arise from a distinct subset of papillomas with a high risk of malignant conversion (12, 13) . Relative to the intrinsically benign papillomas, the ''high-risk'' papillomas and associated carcinomas are likely to originate from cells with a greater growth potential and decreased commitment toward differentiation (14) . The present studies were based on a chemical carcinogenesis protocol and a strain of mice that generate a high number of papillomas per mouse. Under these conditions, p21 deficiency exerted a suppressive effect on papilloma development similar to that associated with lack of p53. Interestingly, whereas p21 expression is reduced in chemically induced skin carcinomas, it appears to be increased rather than decreased in the benign papillomas (40) . As reported in other systems (41) , p21 expression in papillomas may exert a significant protective function against apoptosis, and the absence of this molecule may lead to an increase in apoptosis, thereby explaining the observed decrease in papilloma yield. Although TUNEL assays revealed no significant differences in p21Ϫ/Ϫ versus p21ϩ/ϩ papillomas, these assays were confined to papillomas at a relatively late stage of development, whereas significant differences may exist at earlier stages, possibly before macroscopic outgrowth is detectable. A second attractive explana- Results were quantified by counting only follicles in cross section, where the various concentric regions can be distinctly visualized. Of the Ϸ200 AP-positive follicles that were counted in grafts of p21Ϫ/Ϫ keratinocytes, 80% showed restricted labeling to either the outer or inner root sheath and/or shaft, whereas 20% showed uniform staining of all three regions. In contrast, Ͻ1% of uniformly stained follicles were found in the p21ϩ/ϩ keratinocyte grafts. Proc. Natl. Acad. Sci. USA 96 (1999) tion is suggested by our recent demonstration that elevated p21 expression results in the unexpected suppression of late aspects of keratinocyte differentiation independently from effects on the cell cycle (20) . Thus, in parallel with a dual function on differentiation (20) , p21 may exert opposite roles in keratinocyte tumor growth or suppression, depending on the target cells in which this molecule is expressed and/or their level of commitment to differentiation.
Note Added in Proof. While this work was being considered for publication, a similar skin carcinogenesis study appeared, which reported an increase of both papilloma and carcinoma formation in p21Ϫ͞Ϫ vs. p21ϩ͞ϩ mice (42) . The protocol and strain of mice used for this other study resulted only in a very low number of papillomas per mouse, which correspond conceivably to the subset of papillomas with "high risk" of malignant conversion discussed above.
